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过充保护添加剂氰基功能化2,5-二叔丁基对苯二酚的合成及其在
锂离子电池中的应用






后的过充保护添加剂分子的可逆氧化还原电位分别为4.02、4.08 V (vs Li/Li+)；并且单氰基取代的RS-MCN









Nitrile-Modified 2,5-Di-tert-butyl-hydroquinones as Redox Shuttle
Overcharge Additives for Lithium-Ion Batteries
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(Guangdong Key Laboratory of New and Renewable Energy Research and Development, Key Laboratory of
Renewable Energy, Chinese Academy of Sciences, Guangzhou Institute of Energy Conversion, Chinese Academy of
Sciences, Guangzhou 510640, P. R. China)
Abstract: Nitrile-modified 2,5-di-tert-butyl-hydroquinones were synthesized and investigated as redox shuttle
overcharge additives for LiFePO4/Li cells. The cyanoethylation reaction was utilized to synthesize the target
molecules 2,5-di-tert-butyl-1,4-di(β-cyanoethoxyl)benzene (RS-DCN) and 2,5-di-tert-butyl-1-(β-cyanoethoxyl)-
4-methoxybenzene (RS-MCN) in high efficiency from 2,5-di-tert-butyl-hydroquinone and acrylonitrile. The
solubility, cyclic voltammetric measurements, 5 V overcharge test, 100% overcharge test, high rate performance
under 100% overcharge conditions, and cycle performance under normal conditions were studied in detail for
the electrolyte with the addition of RS-DCN or RS-MCN. The RS-MCN compounds with the asymmetric structure
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1.2 mol∙L－1 LiPF6/(碳酸乙烯酯(EC) : 碳酸甲乙酯
(EMC), w/w = 3 : 7)的电解液中溶解度只有 0.08
mol∙L－1 23，低的溶解度导致不能释放足够的过充

















delivered better solubility (with max. 0.3 mol∙L－1 in 1.0 mol∙L－1 LiPF6/EC+DEC+EMC, 1 : 1 : 1, in vol.), higher
overcharge protection life (over 1200 h for the 5 V overcharge test), and excellent rate performance under 100%
overcharge conditions (specific discharge capacity reached 153.5 mAh∙g－1 at 2.5C). The addition of RS-MCN
also improved the cycling performance of the LiFePO4/Li cell under the charge-discharge voltage range of 2.5－
3.8 V.















纯、购自于阿拉丁试剂公司。1 mol∙L－1 LiPF6/EC +










程中使用Mikrouna公司手套箱(φ(H2O) < 0.1 × 10－6






mol, 22.23 g)、丙烯氰(1 mol, 53.06 g)、0.01 mol碳











据如下，RS-DCN：1H NMR (400 MHz, CDCl3): δ,
6.81 (s, 2H, Ar-H), 4.25 (t, 4H, ―CH2O), 2.90 (t,
4H, ―CH2CN), 1.41 (s, 18H, ―C(CH3)3); 13C NMR
(100 MHz, CDCl3): 150.6, 136.7, 117.4, 112.0, 63.3,
34.7, 29.9, 18.9；RS-MCN： 1H NMR (400 MHz,
CDCl3): δ, 6.85 (s, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 4.22
(t, 2H, ―CH2O), 3.82 (s, 3H, ―OCH3), 2.86 (t,
2H, ―CH2CN), 1.39 (s, 9H, ―C(CH3)3), 1.36 (s,
9H, ―C(CH3)3); 13C NMR (100 MHz, CDCl3): 152.7,
149.8, 136.5, 136.4, 117.5, 111.8, 63.3, 55.8, 34.7,
34.6, 30.0, 29.7, 18.9。
2.3 电解液配制、电极片制作及电池组装
电解液配制：电解液的配制在充满高纯氩气
的手套箱(φ(H2O) < 0.1 × 10－6，φ(O2) < 0.1 × 10－6)中




剂(PVDF)和乙炔黑按照质量比 80 : 10 : 10混合，
添加一定量的NMP溶剂，将混合物研磨成均匀的
图1 双氰基和单氰基功能化的氧化还原过充保护添加剂RS-DCN和RS-MCN的合成路线
Fig.1 Synthetic route of nitrile-modified redox shuttle molecules
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浆液后涂在预处理过的铝箔上，在真空干燥箱内































































awith the electrolyte of E0; bwith the electrolyte of Gen2 (1.2 mol∙L－1 LiPF6, w(EC) : w(EMC) = 3 : 7)
表1 电解液的组分表







1 mol∙L－1 LiPF6 EC/DEC/DMC (V/V/V = 1 : 1 : 1)
1 mol∙L－1 LiPF6 EC/DEC/DMC (V/V/V = 1 : 1 : 1) + 0.1 mol∙L－1 RS-DCN
1 mol∙L－1 LiPF6 EC/DEC/DMC (V/V/V = 1 : 1 : 1) + 0.1 mol∙L－1 RS-MCN
1 mol∙L－1 LiPF6 EC/DEC/DMC (V/V/V = 1 : 1 : 1) + 0.3 mol∙L－1 RS-MCN









4.02 V (vs Li/Li+)，这说明引入吸电子的氰基可提
高氧化还原梭的氧化还原电位(DDB的氧化还原电









升达到 5.0 V；添加 0.1 mol∙L－ 1 RS-DCN电解液
(E1)的电池经过 20 h后电压爬升至 5.0 V；添加 0.1






































Fig.3 5 V overcharge curves of E0, E1, and
E2 electrolytes for LiFePO4/Li cells
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DCN在 E0电解液中最大 0.1 mol∙L－ 1的溶解度，
































Fig.4 Cycling performances and voltage profiles of 100% overcharge abuse tests using LiFePO4/Li cells
图5 RS-MCN基电解液对LiFePO4/Li电池100%过充测试倍率曲线和时间－电压曲线















(达 4.08 V)，但RS-MCN在过充保护寿命(5 V截止
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